In 1932 James Chadwick discovered the neutron using a polonium source and a beryllium target (Chadwick 1932) . In a letter to Niels Bohr dated February 24, 1932, Chadwick wrote: "whatever the radiation from Be may be, it has most remarkable properties." Where it concerns hydrogenrich biological materials, the "most remarkable" property is the neutron's differential sensitivity for hydrogen and its isotope deuterium. Such differential sensitivity is unique to neutron scattering, which unlike X-ray scattering, arises from nuclear forces. Consequently, the coherent neutron scattering length can experience a dramatic change in magnitude and phase as a result of resonance scattering, imparting sensitivity to both light and heavy atoms, and in favorable cases to their isotopic variants. This article describes recent biomembranes research using a variety of neutron scattering techniques.
Introduction
Achieving a predictive understanding of cells requires moving beyond individual genes and proteins, toward functional, interacting systems compartmentalized in space and time. The various cellular compartments are defined by lipid bilayer-based membranes, composed of hundreds of distinct lipid species, and densely packed with a host of embedded and peripherally associated proteins. Far from being a passive barrier, membranes provide functional interfaces that mediate and control critical cellular processes, including fusion, trafficking, signaling and communication. A comprehensive understanding of cellular membranes-their structure, dynamic behavior and function-remains a grand challenge, primarily due to their intrinsically multi-molecular and mesoscopic scale. As two-dimensional fluid mixtures stabilized by weak interactions, membrane structure and function emerges only at a minimum length scale of approximately ten nanometers, corresponding to ensembles comprising hundreds of cooperating molecules. Furthermore, their inherent disorder makes membranes unsuitable for study by traditional structural biology methods such as crystallography that have revolutionized the study of proteins and nucleic acids (Strandberg, Dickerson et al. 2009; Garman 2014 ).
Among probes amenable to the study of membranes, neutrons stand out both for their nondestructive nature, and their multi-scale spatial and temporal information content. For example, neutron scattering techniques probe length scales ranging from angstroms to microns, dynamics occurring over picosecond to millisecond time scales, and kinetics spanning sub-seconds to hours. The value of neutrons in biology derives from the nature of their interaction with matter. Unlike X-rays, which interact with electrons, neutrons are scattered by atomic nuclei and can distinguish between elements of similar atomic and/or mass numbers. While X-ray interaction strength increases in proportion to atomic number, neutron scattering lengths show little variation across the periodic table (Table 1) . Moreover, a distinct advantage of neutron scattering methods is their sensitivity to hydrogen, coupled with their ability to distinguish between the stable isotopes of hydrogen, protium and deuterium (i.e., 1 H and 2 H, referred to subsequently as H and D, respectively). Of the major classes of biomolecules (lipids, proteins, nucleic acids and carbohydrates), membrane lipids are the richest in hydrogen, and are thus readily detected and easily distinguished from other classes in a neutron scattering experiment. H/D isotopic labeling enhances selectivity and obviates the need for chemical tags and their associated artifacts (Morales-Penningston, Wu et al. 2010) . As mentioned, thermal and cold neutrons are for the most part non-destructive, making them especially suitable for studying easily damaged unsaturated lipids, which are abundant in biology and the subject of much current interest.
Important scattering techniques include small-angle neutron scattering (SANS), neutron diffraction (ND), neutron reflectometry (NR), neutron spin-echo spectroscopy (NSE) and quasielastic neutron scattering (QENS) (see Ankner, Heller et al. 2013 for introduction and review).
Applications of these techniques range from probing the local environment of detergent solubilized proteins in single crystals, to solution scattering studies of membrane proteins incorporated in micelles, bicelles and vesicles, to scattering and diffraction from planar interfaces and surfaces in single layer or stacked lamellar systems.
Neutron scattering data alone do not provide a description of structures and events at the atomic level. However, simulations can often supply a critical link connecting scattering data to structure and dynamics, providing both interpretation and insights that guide subsequent experiments. In this regard, membrane systems have proven enormously challenging for simulation because of the number of atoms involved, the nature of their interactions, and the broad range of timescales relevant to biological membranes (nanoseconds to milliseconds).
Molecular dynamics (MD) simulations have proven to be an effective approach for investigating these complex biological systems. In MD, the forces between atoms are described by a simplified empirical potential that attempts to mimic the 'real' underlying interaction potential.
The primary output of an MD simulation is a trajectory of atomic coordinates through time, from which dynamic, structural and thermodynamic properties can be calculated. In favorable cases, MD simulations constitute a bridge between macroscopic (experimental) observations and microscopic details (Pan, Cheng et al. 2012; Pan, Cheng et al. 2014 ). This review article highlights current research where neutron scattering, in conjunction with other techniques including simulation, has played a significant role in addressing questions of current interest in molecular biology.
Neutron scattering basics

Neutron Production
Soon after the discovery of the neutron by Chadwick (Chadwick 1932) , the first demonstrations of neutron diffraction were performed using a Rn-Be source (Halban and Preiswerk 1936; Mitchell and Powers 1936) . The first neutron scattering experiments using nuclear reactors came later, using the CP-3 reactor at Argonne (Zinn 1947 ) and the X-10 pile at Oak Ridge (Wollan and Shull 1948) . [For a historical review, see (Mason, Gawne et al. 2013 Neutron Source, SNS) (Harroun, Kucerka et al. 2009 ). The resulting fast neutrons are slowed ('thermalized') by passing through and interacting with a moderator (e.g., H 2 O, D 2 O, graphite, Be). They can be further slowed through interactions with a cold moderator, for example liquid hydrogen at ~ 20 K. Neutrons for scattering experiments generally have wavelengths ranging from 1-20 Å, making them ideal probes for the study of a wide range of soft and hard materials.
Neutron scattering techniques
Neutron scattering is capable of probing material structural properties ranging from nanometers (10 -9 m) to micrometers (10 -6 m). Structure on these length scales is of interest to a wide range of scientific disciplines, including biology (Fitzsimmons, Bader et al. 2004; Shin, Choi et al. 2010; Breyton, Gabel et al. 2013; Mehan, Chinchalikar et al. 2013 (Chaudhuri, Gupta et al. 2011; Qian, Dean et al. 2012) , to investigate the ezrin/PIP2/F-actin system from the membrane-cytoskeleton interface (Jayasundar, Ju et al. 2012) , and to examine how variation in the length of the glutamine repeat of the huntingtin protein (associated with Huntington's disease) directs the structures undertaken by the polymerizing peptides along the aggregation pathway (Perevozchikova, Stanley et al. 2014) .
Neutron diffraction.
In contrast to powder SANS, neutron diffraction (ND) or crystallography experiments exploit the simple structure factor (a series of delta functions) that arises from highly ordered arrays of individual scatterers. In this way, the weak scattering of individual particles or bilayers is concentrated into discrete peaks, enhancing the signal in proportion to the multiplicity of the lattice and thereby improving signal-to-noise and structural resolution. While SANS typically requires indirect methods to obtain real-space information, in a diffraction experiment the real-space information is obtained directly from Fourier reconstruction of peak amplitudes, once the associated phase information is known. (Meilleur, Munshi et al. 2013 ) and MANDI (Schultz, Thiyagarajan et al. 2005) at ORNL, iBIX at J-PARC (Tanaka, Kusaka et al. 2010; Kusaka, Hosoya et al. 2013 ) and the BIODIFF instrument at FRM II (Munich), neutron analysis of membrane protein crystals is likely to expand significantly.
In a landmark study, neutron diffraction from positionally correlated lipid bilayers, in conjunction with site-specific deuteration, was used to determine the precise locations (to ~ 1 Å resolution) of labeled moieties within the bilayer (Buldt, Gally et al. 1978) . Over the past 40
years, experiments of this type have determined the conformation of lipid molecules (Buldt, Gally et al. 1979; Zaccai, Buldt et al. 1979; Mihailescu, Vaswani et al. 2011) , the location of biomolecules in model membranes (Worcester and Franks 1976; Kucerka, Marquardt et al. 2010) , and the organization of cyanobacterial membranes . ND from oriented bilayer stacks offers the further advantage that in-plane and out-of-plane scattering can be isolated, either by changing the sample orientation with respect to the incident beam, or through the use of a two-dimensional detector to segregate transverse and lateral contributions along the detector's axes. However, a drawback of oriented bilayer stacks is that they are difficult to hydrate from water to 100% relative humidity, equivalent to samples in contact with bulk water (Katsaras 1997; Katsaras 1998) . Nevertheless, even in partially dehydrated conditions, ND studies of oriented bilayers have provided meaningful contributions to the field of biomembranes (Han, Hristova et al. 2008; Deme, Cataye et al. 2014; Kent, Hunt et al. 2014) 
Neutron reflectometery.
When biological interactions occur at planar surfaces, at interfaces, or in layered phases, neutron reflectometry (NR) using isotopic labeling and contrast variation can provide information about nanoscopic lipid-protein, lipid-peptide and lipid-lipid interactions (Krueger, Ankner et al. 1995; Fragneto, Graner et al. 2000; Krueger, Meuse et al. 2001; Burgess, Li et al. 2004; Doshi, Dattelbaum et al. 2005; Vacklin, Tiberg et al. 2005; Kent, Yim et al. 2008; Kent, Murton et al. 2010; Nanda, Datta et al. 2010) . In an NR experiment, reflection of neutrons from thin films deposited on atomically flat surfaces, such as polished silicon or gold or at an airwater or liquid-liquid interface, gives detailed information on molecular organization along the axis perpendicular to the surface. In addition to deuteration of entire proteins and peptides to enhance contrast (Hellstrand, Grey et al. 2013) , the distribution and organization of deuterated lipids can also be monitored in model membranes (Stidder, Fragneto et al. 2005) , including lateral reorganization that can occur upon binding and multimerization of membrane associated proteins and complexes. Examples include the incorporation and distribution of cholesterol in model membranes (Stidder, Fragneto et al. 2005) , and the voltage gating function of cation (e.g., Na+, K+) channel membrane proteins (Tronin, Nordgren et al. 2014 ).
Contrast variation
When it comes to biological materials, which are inherently rich in hydrogen, neutrons have a distinct advantage over many other experimental techniques. They are extremely sensitive to hydrogen, and scatter differently from biomolecules having different bulk hydrogen content such as proteins, lipids and nucleic acids (Jacrot 1976 , Fig.2 ), thereby providing a natural contrast than can be used to distinguish the structure and dynamics of individual components within larger biological structures or assemblies. Moreover, hydrogen's ability to scatter neutrons, expressed as a scattering length, differs significantly from its deuterium isotope, not so much in magnitude as in phase: far from its resonance energy, the scattering length of H is negative, while that of D is positive (3.74 fm and 6.67 fm, respectively) (Sears 1992) . It follows that dramatic changes in scattering amplitudes, and thus structural or dynamical information, can be achieved through the judicious substitution of H for D (Pabst, Kučerka et al. 2010) . In biological materials this is achieved by varying the light (H 2 O) or heavy (D 2 O) water content of a sample, which enables tuning of the relative scattering power (or 'contrast') to reduce, enhance or match the scattering from individual components (Fig. 2) . Furthermore, the scattering power and visibility of an individual component can be manipulated by varying its H/D composition using chemical or biological labeling techniques (Ankner, Heller et al. 2013) . For example, deuterated vitamin E was used to determine its location in model membranes, which correlates well with the molecule's proposed antioxidant activities (Marquardt, Williams et al. 2013) , while mixtures of protiated and deuterated lipids were used to detect lateral phase separation in lipid bilayers containing nanoscopic domains (Heberle, Doktorova et al. 2013; Heberle, Petruzielo et al. 2013; Pan, Heberle et al. 2013; Petruzielo, Heberle et al. 2013) . Finally, because thermal neutrons are non-ionizing and therefore non-destructive, these contrast variation methods make it possible to examine the internal features of a sample in situ and under physiological conditions without damaging the sample.
Neutron scattering from lipid bilayers
Neutron scattering has made significant contributions to our understanding of lipid bilayer structure and organization. Neutrons and X-rays are sensitive to different parts of the lipid molecule and therefore give complementary information, which can be combined to obtain fully resolved structures of fluid bilayers. By introducing deuterated molecules into a protiated bilayer, it is possible to monitor the transverse location of the molecule within a bilayer. Similarly, through selective deuteration of a lipid species in a multicomponent mixture, it is possible to monitor lateral phase separation, including the formation of nanoscopic domains or "rafts" that cannot be resolved with conventional optical techniques. Analogous X-ray scattering experiments are difficult or impossible due to the inherently low sensitivity of X-rays to hydrogen, and their inability to distinguish between H and D; for this reason, neutrons are uniquely suited to the study of rafts. We now discuss some specific examples of how neutron scattering techniques have been used to obtain structural information in lipid bilayers.
Fluid bilayer structure.
Biological membranes are thermally disordered, two-dimensional fluids, whose individual atomic positions are not well-localized as in a crystal, but rather are described by broad statistical averages. King and White (King and White 1986) were the first to propose a coarse-grained structure of a bilayer lipid, whereby neighboring atoms are grouped into quasimolecular fragments for the purpose of calculating scattering form factors for comparison to experimental scattering data. The functional forms describing these quasimolecular fragments (e.g., Gaussians or error functions) provide a fundamental link between the bilayer's matter distribution and various density profiles (e.g., electron density or neutron scattering length density), allowing different types of scattering and volumetric data to be combined in a single analysis, thereby increasing the information content and resolution of the structure. A fully resolved fluid bilayer structure comprises the distributions of a handful of quasimolecular fragments, typically 23
headgroup components and 34 hydrocarbon components. Through the joint refinement of neutron and X-ray diffraction data, Wiener and White determined the fully resolved structure of a partially dehydrated fluid DOPC bilayer (Wiener, King et al. 1991; .
Kucerka et al. extended the usefulness of this approach by introducing the Scattering Density
Profile (SDP) analysis, which leverages the atomistic detail provided by MD simulations to guide the parsing of the lipid into quasimolecular fragments, in order to maximize the model's compatibility with X-ray and neutron experiments of differing contrast (Kucerka, Nagle et al. 2008) . By combining SAXS data with SANS data at several D 2 O/H 2 O ratios, the authors obtained the first fully resolved bilayer structure from a fully hydrated vesicle suspension. The SDP approach has since been used to solve the structures of biologically relevant lipids in fully hydrated fluid bilayers, including phosphatidylcholine (Kucerka, Gallova et al. 2009; Kucerka, Nieh et al. 2011) , phosphatidylglycerol (Pan, Marquardt et al. 2014) , phosphatidylserine (Pan, Cheng et al. 2014) , phosphatidylethanolamine (Kucerka, van Oosten et al. 2015) , and cardiolipin (Pan, Cheng et al. 2015) . A key achievement of the SDP model is the robust determination of lipid areas and bilayer thicknesses that are crucial for the validation of MD force fields (reviewed in Heberle, Pan et al. 2012) . Recently, Heftberger and coworkers extended the SDP analysis to multilamellar vesicles, enabling the determination of bending fluctuations and interbilayer interactions (Heftberger, Kollmitzer et al. 2014) .
Transverse location of bilayer components.
Vitamin E was discovered in 1922 by Evans and Bishop (Evans and Bishop 1922) , isolated from various oils (e.g., wheat germ, corn and cotton seed) by Emerson et al. in 1936 Evans, Emerson et al. 1936) , and synthesized by . It has since become clear that vitamin E comprises two families of compounds, namely tocopherols and tocotrienols, which differ in the number of double bonds in their side chains (Atkinson, Epand et al. 2008) . Though tocopherols are widely used as antioxidants in the cosmetic and food industries, in vivo studies have shown that α-tocopherol at physiological concentrations is unable to prevent oxidative damage (Azzi 2007 ).
Marquardt et al. (Marquardt, Williams et al. 2013 ) demonstrated that α-tocopherol's location in different model membranes supports its role as an antioxidant (Fig. 3) . Using selectively deuterated α-tocopherol and a combination of techniques, including nuclear magnetic resonance, UV spectroscopy, and neutron diffraction, these authors found that α-tocopherol manifests its antioxidant capabilities at the membrane's surface, either by intercepting reactive oxygen species entering the membrane, or by terminating lipid radicals formed in the membrane's interior. The latter is accomplished by virtue of the high conformational disorder possessed by polyunsaturated fatty acid chains, which 'snorkel' to the level of α-tocopherol's hydroxyl group.
Marquardt et al. concluded that α-tocopherol is positioned such that its hydroxyl group, residing at the lipid/water interface, is easily accessed by ascorbate, which recycles the tocopheroxyl radical to α-tocopherol. Importantly, it is thought that α-tocopherol terminates lipid peroxide chain reactions in the membrane's interior.
Membrane nanodomains.
The previous two decades have witnessed a dramatic change in our understanding of cell membrane functionality, particularly as it concerns the lateral organization of lipids and proteins.
It is now widely believed that membrane nanodomains, colloquially referred to as 'lipid rafts', play an active role in many cellular processes (Jacobson, Mouritsen et al. 2007; Lingwood and Simons 2010) . Rafts are thought to be small (10-100 nm), heterogeneous and highly dynamic structures, rich in sterols and sphingolipids. Through the selective partitioning of membrane proteins between rafts and their surroundings, rafts can control protein-protein interactions, enhancing certain associations while suppressing others. In this manner, rafts are thought to mediate a range of cellular processes, including signal transduction (Holowka, Gosse et al. (Fig. 4) .
The results suggest possible mechanisms in biological systems for regulating domain size through changes in lipid composition.
The study by Heberle et al. ) described the detection of nanoscopic domains as small as ~ 7 nm in radius in ULVs, using selective lipid deuteration to provide lateral contrast and Monte Carlo simulations to fit the SANS data (Fig. 4) . Armstrong et al. (Armstrong, Marquardt et al. 2013 ) took a different approach to study the presence of nanoscopic Lo domains in membranes composed of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and 32.5 mol% cholesterol. Using membranes aligned on silicon substrates, these authors exploited the neutron beam's coherence length (Armstrong, Barrett et al. 2012 ) to detect Lo domains (Fig. 5) . Because the coherence length of X-rays and neutrons is such that only coherent spatially averaged structures are observed, nanoscopic domains are not easily detected. However, by tailoring the coherence length of the probe to the size of the feature in question, one can determine the size of nanoscopic domains. It should be pointed out, however, that relating domain size to the coherence length of the neutron beam is a nontrivial matter. As such, computer simulations are needed to calculate the in-plane structure factors for the difference coherence length neutron beams, which are then compared to experimental data (Armstrong, Barrett et al. 2012; Armstrong, Marquardt et al. 2013 ).
Neutron scattering from membrane proteins and assemblies
Understanding the interactions and function of membrane proteins within the fluid lipid environment of plasma membranes is a significant challenge-and critical need-in biology.
Membrane proteins are crucial components of all higher forms of life, performing multiple functions within and between cells, including transmembrane transport of ions, electrons and metabolites, and in cell signaling, recognition and adhesion. More than 30% of mammalian genes encode membrane proteins, and membrane proteins constitute more than 60% of current drug targets. Membrane proteins are associated either with the polar headgroups at the surface of the lipid bilayer (peripheral membrane proteins) or embedded within the hydrophobic matrix (integral membrane proteins), and are now thought to organize and assemble into multiple types of compositionally distinct lipid domains (Lingwood and Simons 2010; Simons and Gerl 2010) .
Despite the critical importance of membrane proteins, their incorporation with the fluid plasma membrane complicates and restricts analysis using conventional high throughput techniques such as X-ray crystallography and NMR. Consequently, our understanding of the structure and function of membrane proteins in their native environment is still in its infancy.
The sensitivity of neutron diffraction and scattering to the hydrogen content of different biological materials makes these techniques important tools for studying the composition and interactions of protein-lipid complexes and assemblies (Ankner, Heller et al. 2013 ). The marked information can be difficult-if not impossible-to obtain using other techniques. We now discuss some specific applications of neutron scattering techniques to the study of membrane/protein systems.
Lipid/protein assemblies.
The natural SLD difference between lipids and proteins makes SANS especially powerful for structural studies of membrane proteins in detergent-solubilized and lipid-associated states (Table 1) . In its simplest use, SANS can determine the low resolution structure and conformation of detergent solubilized membrane proteins in solution, or more elegantly, to investigate protein structure, oligomerization and interactions when reconstituted into lipid carriers and biomimetic assemblies such as bicelles and nanodiscs (Midtgaard, Pedersen et al. 2014) . Careful contrast matching then allows scattering from the protein and surrounding detergent or lipid molecules to be measured and distinguished, and for composite models of the protein, lipid and/or detergent components to be determined. analysis of more complex lipid membrane systems (Le Brun, Holt et al. 2008; Holt, Le Brun et al. 2009 ). In an exciting recent application, Shen et al. demonstrated that MCNR provided structural resolution down to 1 Å in their studies of the membrane translocation and assembly module (TAM), enabling the accurate measurement of protein domains projecting from the membrane layer (Shen, Leyton et al. 2014) .
Complex assemblies: Structure and organization of photosynthetic systems
Understanding the mechanisms that biological systems use to program the self-assembly (and disassembly) of interacting complexes and higher order assemblies that are dynamic, responsive, self-replicating and adaptive to environmental pressures is of key interest in biology and nanotechnologies. Neutron scattering is especially well-suited to analysis of the structure (1010 4 A) and kinetics (seconds to hours) of such hierarchical systems, and has been used to characterize and understand how the assembly, packing fraction, distribution, organizational structure and pigment composition of natural antenna systems affects the efficiency and response of light energy conversion in plant photosynthetic machinery.
Neutron scattering approaches have allowed the detergent structure in single crystals of the photosynthetic reaction center to be determined (Roth, Lewitbentley et al. 1989) , showing how the detergent is structured and ordered around the protein's membrane spanning hydrophobic surface. In studies of the integral membrane light-harvesting complex LH2, Prince et al. used H and D tail-and head-labeled detergents to show that the detergent tails are localized on the inner and outer hydrophobic surfaces of the protein (Prince, Howard et al. 2003, Fig. 6 ). In a separate study, Cardoso et al. used SANS measurements of LH2 at 15% D 2 O (the contrast match point of the OG detergent) to show that the protein structure in solution is trimeric, and used measurements at 100% D 2 O to accentuate and model the monolayer of detergent that surrounds the protein (Cardoso, Smolensky et al. 2009 ).
Fundamental studies of photosynthetic systems include investigating the solution structure of isolated cyanobacterial photosystem I in complex with detergent using SANS and MD simulation (Le, Harris et al. 2014) , and the structure of chlorosomes in solution (Tang, Urban et al. 2010; Tang, Zhu et al. 2011; Tang and Blankenship 2012) . In addition, whole cell studies of cyanobacterial cells were performed using SANS and revealed light dependent reorganization of the thylakoid membranes in response to light stimulus, giving new insights into the photosynthetic process (Liberton, Collins et al. 2013; . In particular, the multi-membrane, supramolecular organization of these photosynthetic pathways makes it difficult to obtain information concerning the precise organization of the individual complexes.
Research on applied photosynthesis has focused on developing approaches to entrap and stabilize chlorosomes (O'Dell, Beatty et al. 2012) within silica structures and the interactions of light harvesting antennas with synthetic block copolymers (Cardoso, Smolensky et al. 2011 , Fig. 7 ).
Complex assemblies: Hierarchical structure of virus particles
Cell membrane structure and function are shaped and controlled through multiple protein-lipid interactions. At the molecular scale, protein-lipid interactions modulate and control local membrane physical properties, such as bilayer asymmetry, curvature (negative and positive) and lateral pressure, and exert dynamic control of local membrane composition, morphology and architecture. At larger scales, protein networks and scaffolds organize and assemble at the bilayer to separate and fuse membrane structures into sheets, tubes and vesicles that form partitions and connections within and between cells. Neutron scattering is sensitive across these multiple length scales, and since it is non-destructive, can provide information that spans from the dynamic assembly of protein-lipid complexes in membranes to the re-organization and control of hierarchical structures in viruses and in living cells.
As an example, SANS has been used to analyze the structure and assembly of the red clover necrotic mosaic virus in solution (Martin, He et al. 2013) , and to characterize the structural differences in Sindbis virus particles that were produced from vertebrate and invertebrate cells (He, Piper et al. 2010; He, Piper et al. 2012) . Sindbis is an envelope virus with a complex coreshell structure: the viral RNA is contained within an inner protein shell, itself surrounded by a membrane bilayer and finally an outer glycoprotein coat. The membrane bilayer is derived from the host in which the virus is produced, and the insect or vertebrate host-derived membrane can have different compositions and yet retain infectious activity between host species (Burge and Huang 1970; Knight, Schultz et al. 2009 ). SANS analysis showed significant structural differences between Sindbis virus particles grown in the different hosts, showing that the outer protein coat was more extended in virus grown in mammalian cells, and that while the radial position of the lipid bilayer did not change significantly, it contained significantly more cholesterol when grown in mammalian cells. Figure 1 Schematic of the Extended Q-Range Small Angle Neutron Scattering (EQ-SANS) instrument at the Spallation Neutron Source (SNS, ORNL). The instrument is capable of interrogating samples ranging from 0.1 to 100 nm. The two-dimensional detector is 1 m 2 and the sample to detector distance can be varied, in the evacuated detector tank (green with gray stripe), from 1.3 to 9 m. The inset shows the sample chamber, which is located at one end of the detector tank. Neutrons are produced at the mercury target and transported to sample chamber, located 14 m from the target. (Cardoso et al., 2011) .
Concluding remarks
